SUMMARY Diabetic patients suffer from atherosclerotic diseases more often and at an earlier stage than nondiabetic persons. The factors predisposing those with diabetes to premature arteriosclerosis are not fully clarified. Data from a 5-year follow-up of 615 diabetic outpatients of the Schwabing Study are reported. Forty-six (8.5%) died from a cardiovascular cause of death, 13 (2.4%) suffered from stroke, 68 (12.5%) showed electrocardiograph^ changes indicative of significant coronary heart disease, and 11 (2.0%) exhibited an ischemic foot lesion. Univariate and multiple logistic analyses of baseline variables revealed systolic blood pressure as the most consistent risk factor for these events. The frequency of major cardiovascular events was as high in men as in women. It is concluded that systolic blood pressure has been seriously underestimated as a predictor for macrovascular events. of morbidity and mortality in diabetic pa-X \ -tients.
A THEROSCLEROSIS represents the major cause / \ of morbidity and mortality in diabetic pa-X \ -tients. 1 Atherosclerotic diseases generally occur at a younger age and progress more rapidly in persons with diabetes than in those without that disease. 2 Mainly, elderly persons with type II (non-insulin-dependent) diabetes are afflicted, but myocardial infarctions appear also to be the leading cause of death in diabetics below 50 years of age. 3 Excess morbidity due to cardiovascular disease in patients with diabetes has been noted in several epidemiological studies, although the number of patients is rather small in some investigations. The Bedford Study, 4 for instance, had 111 patients with overt diabetes and the Framingham Study 3 included fewer than 250. Furthermore, subjects were examined at a relatively young age (35-55 years), when only a low frequency of vascular diseases detected by noninvasive methods can be expected. Accordingly, inconsistent data have been obtained.
The Schwabing Study for Macrovascular Disease in Diabetes Mellitus was a longitudinal study of more than 600 diabetic outpatients of all ages. Its purpose was to define the causes of the high frequency of arteriosclerosis in these subjects. In addition to screening for many well-known cardiovascular risk factors, obliterative diseases on coronary, peripheral, and extracranial arteries were assessed by noninvasive methods. The 5-year frequency of cardiovascular mortality and morbidity, and its relationship to a number of major risk factors are reported.
Subjects and Methods
This study was based on 615 diabetic outpatients treated at the Schwabing City Hospital in Munich, West Germany. All patients had diabetes, that is, fasting blood sugar above 140 mg/dl. All diabetic patients who were seen in the outpatient department for metabolic control between November 1976 and March 1977 were included. Those with major cardiovascular complications, such as myocardial infarction; electrocardiographic (ECG) Minnesota code patterns I,, V,, and VII,; gangrene; or stroke were excluded. The age range was between 17 and 84 years, with the majority of subjects between ages 50 and 69 years. A complete history with particular reference to diabetic therapy, previous and current smoking habits, and duration of diabetes was taken in all patients. One hundred eighty (29.3%) were receiving antihypertensive medications SYSTOLIC BLOOD PRESSURE IN DIABETES MELLITUSA/an/ta and Dirschedl
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(mainly diuretics). Treated and untreated patients were pooled in the statistical analysis. Clinical examination and blood sampling were performed in the morning before breakfast. After 5 minutes of rest, blood pressure was measured by random zero sphygmomanometer three times in the supine position. All measurements were done with 13-cm cuffs. The lowest value was recorded for statistical calculation. Height and weight were registered in all patients. Ideal weight was defined as the Broca index minus 10% in men and minus 15% in women. 6 Serum total cholesterol, total triglycerides, and capillary blood glucose levels were determined enzymatically by standard methods. 7 8 An electrocardiogram with 12 leads (6 chest and 6 extremity) was performed in all patients. Tracings were analyzed according to the Minnesota code and coded at baseline and follow-up by the same observers. The presence of patterns I,, V,, VII, was regarded as a significant sign of coronary heart disease or myocardial infarction.
During 1981 and 1982 the 5-year follow-up examination was performed by a team of physicians. Stroke and ischemic foot gangrene were diagnosed by an unequivocal history and physical examination (including Doppler ultrasound and oscillometry). When participants were unable to attend the clinic, home visits were made by the investigators and the standardized examinations were performed. In case of illness or death, information was obtained from the general practitioners and hospitals. For all those who died during the follow-up period, death certificates and, in a small percentage, autopsy reports were obtained.
From the original 615 diabetic patients, information for 542 was obtained after 5 years. Despite several attempts, the remaining 73 could not be contacted because they had moved outside of the district. Because of single missing values (mostly serum lipids), a further 49 patients had to be excluded from the statistical multivariate analysis, although not from univariate analysis. Since a clear-cut separation of type I (insulindependent) and type II diabetes is not always possible, patients with onset of diabetes after age 40 years were analyzed separately, assuming that type II diabetes almost always occurs after that age. Univariate and multivariate analysis of the data were performed by standard methods at the Leibniz-Rechenzentrum and the Department of Medical Statistics of the University of Munich.
9 ""
Results

Morbidity and Mortality
During the observation period, 68 of 542 diabetic outpatients died. In 46 a cardiovascular cause of death was noted, 10 died from other causes (accidents, cancer, infections), and in 12 no death certificate could be obtained. In addition, 13 suffered from stroke, 68 showed ECG changes indicative of myocardial infarction or significant coronary heart disease (I,, n = 42; V,,n = 22; VII,, n = 4), and 11 exhibited an ischemic foot lesion or had been operated on. Thus a total of 138 (26.5%) diabetic patients had one major end point (cardiovascular death, stroke, significant coronary heart disease, gangrene) in contrast to 382 who had no major complications or death of any cause. The distribution of patients according to sex and age at onset of diabetes is given in Table 1 , where it can be seen that women suffered from vascular end points as frequently as men, and major cardiovascular complications predominantly occurred in the group with onset of diabetes after age 40 years. Tables 2 and 3 compare patients without and with a major cardiovascular end point. The p value refers to age-adjusted univariate analysis. To eliminate the im- pact of age on the results, this variable was treated as a covariate and its influence was subtracted from the other variables by linear regression. In age-adjusted univariate analysis, only systolic blood pressure was most significantly higher in men with end points. In women, in addition, the duration of diabetes was longer and serum lipids were significantly higher in patients who experienced cardiovascular events. In further age adjustment, those aged 50 to 69 years, who made up the majority of the studied population, were analyzed separately (Table 4) . Again, serum triglycerides and systolic blood pressure were most significantly (P < 001) higher in diabetics with major vascular complications.
Baseline Characteristics
Correlation of Blood Pressure with the Remaining Variables
The correlation coefficients between systolic and diastolic blood pressure values and other variables are given in Table 5 . The figures in parentheses refer to the number of comparison (patients studied). Due to the great number of data, p values of significance were felt to be meaningless and therefore were omitted. Only the correlations between systolic blood pressure and age, percentage of ideal weight, and diastolic blood pressure were considered highly significant (p < 0.001). Tables 6 and 7 show the results from the multiple logistic analysis of baseline variables for all diabetic patients, with a separate analysis of those with onset of diabetes after 40 years of age. This method calculates the maximum likelihood solution, and qualitative and quantitative variables can be included. A t value (logistic coefficient /3 divided by standard error) of 1.96 was significant (p < 0.05). Negative coefficients indicated inverse relationship in the setting of significant variables. Because of skewed distribution, several of the continuous variables had to be approached logarithmically.
In men (see Table 6 ), age, systolic blood pressure, and diabetes duration (In) were significant predictors, whereas all the remaining variables (cholesterol, triglycerides, glucose, diastolic blood pressure, percentage of ideal weight, smoking, antidiabetic therapynot shown) were not. In addition to these variables, a significant interaction was found between age and du- ration of diabetes. This seemed to be the case especially in persons with type I diabetes, since those with disease onset after age 40 years did not show this relationship. For men with onset of diabetes after age 40, only systolic blood pressure was significantly positively associated with vascular events. In women (see Table 7 ) the results were much more complicated. Several interactions of variables became significant; however, systolic blood pressure appeared to be a strong predictor for vascular events. An example of the underlying interactions is given in Figure 1 . The relative risk for a cardiovascular end point increased with age and duration of diabetes, when systolic blood pressure was 120 mm Hg (Figure 1 A) . When systolic pressure was 180 mm Hg, this risk did not increase relative to duration of diabetes ( Figure IB) .
Discussion
The prevalence of hypertension is more common in diabetic than in nondiabetic subjects.
12 " 14 In the Schwabing Study, 50.4% of more than 600 diabetic outpatients exhibited elevated blood pressure readings (> 160/95 mm Hg), indicating that hypertension is the most common cardiovascular risk factor in such patients.
14 Diastolic hypertension was found more frequently in patients below age 50 years; in the higher age groups, isolated systolic hypertension dominated.
14 Other studies showed a significant positive association between systolic blood pressure and coronary heart disease, 15 ' 16 cerebrovascular disease, 17 -18 and peripheral vascular disorders 19 in diabetics and in the general population. An impressive confirmation of this relationship among diabetics was demonstrated in the present study.
At 5-year follow-up, baseline systolic blood pressure was the most consistent predictor for major cardiovascular events in both women and men. Although data on antihypertensive treatment, drug dose, compliance, changes in metabolic control, weight, and treatment during the 5 years are not yet analyzed in detail, the level of risk factors at 5-year follow-up examination corresponded highly with baseline values. (This will be the topic of a future publication.) Thus it appears justifiable to rely on baseline criteria for our conclusions.
A highly significant correlation was found between systolic and diastolic blood pressure readings, al- though systolic blood pressure was a much stronger predictor for major macrovascular complications. Furthermore, the mean values of systolic blood pressure in patients who experienced cardiovascular events were well above the World Health Organization hypertension criteria ( > 160 mm Hg) in contrast to the diastolic mean values both with and without vascular complications. That means that a considerable number of patients who experienced cardiovascular events had isolated systolic hypertension at baseline. Therefore the commonly held view that isolated systolic hypertension may be harmless and should not be treated must be questioned. From a pathophysiological point of view, it is hard to understand why systolic blood pressure being much higher, even though shorter in time, than diastolic pressure should have no or less damaging effects on the vessel intima. The results of the Schwabing Study indicated that elevated systolic blood pressure might be a serious risk factor for cardiovascular events in diabetes.
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